INTRODUCTION
Intensive care units (ITUs) provide treatment and monitoring for patients with life threatening conditions. Respiratory support through intubation and mechanical ventilation is a common intervention received by almost half of all patients admitted to ITUs; a figure that equated to over 69,000 patients in 2012 in the UK alone (Intensive Care National Audit & Research Centre, 2014) . Data from other countries indicates that mechanical ventilation is used globally (Rose et al, 2009; Wunsch et al, 2013) . Whilst this is lifesaving treatment, patients are rendered temporarily voiceless which can cause psychological distress (Khalaila et al, 2011) , frustration (Foster, 2010) , and panic (Engström, 2013) . Importantly emotional distress experienced in the ITU setting is a predictor of post-traumatic stress disorder during recovery (Wade et al, 2012) . Effective communication strategies have the potential to improve long-term health outcomes of ITU survivors but are difficult to implement in clinical practice. Even when communication is possible, via written or non-verbal means, it seldom occurs in a timely fashion, leaving room for improvement (Happ et al, 2007) . Although AACs are typically used by patients who have become voiceless due to acquired neurological or neuromuscular conditions, they can also be used to optimise communication for intubated patients in ITU settings. The aim of this systematic review is to identify the most effective AAC strategies and potential barriers to their use in critical care settings.
METHODS
A systematic review of the published literature was conducted as described in the search strategy. Accepted approaches to support the rigour of our methods were adopted, as described in the review protocol (CRD42015014761) which is registered on an international database http://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42015014761.
These approaches included the independent selection, review and appraisal of studies. The manuscript was structured to reflect the recommendations described in the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guideline (Liberati et al, 2009 ) to reflect best practice and transparency in reporting of review methods.
Aim and objectives
To assess the effectiveness of Augmentative and Alternative Communication (AAC) strategies in enabling people who are voiceless due to medical intervention, to communicate, with the following objectives:
1. Identify the most effective AAC strategy; 2. Identify the impact of AAC strategies on patient outcomes up to 12 months after implementation; 3. Identify barriers to AAC use in ITU.
Search Strategy
An information technologist assisted the team in the development of a robust search strategy which was piloted, adapted for use and systematically applied across multiple data bases (see appendix 1). Studies published before 2004 were excluded to reflect the recent advances in technology. A search of grey literature was conducted using the Evidence Search database. Initial searches were completed on 7.10.14 and updated on 6.1.17.
Study selection
Titles and abstracts of studies published in English were independently assessed by two reviewers (HC and FA) for eligibility against the pre-determined inclusion and exclusion criteria (see table 2) and categorised as 'possibly relevant' or 'clearly not relevant'. This process was repeated with full text articles (HC and FA or WM) grouping studies as 'relevant', 'definitely irrelevant' or 'unsure'. A third reviewer resolved any disagreements about eligibility for inclusion (WM or FA).
Quality appraisal and data extraction
All relevant papers were quality assessed by two independent reviewers (HC and FA or WM). Guidelines from the Cochrane Collaboration Handbook for Systematic Reviews (The Cochrane Collaboration 2008) or the Quality Assessment tool for Quantitative Studies (Thomas, 2003) were applied, according to the study design, to systematically appraise included studies. The latter tool uses a 'mixed criteria' approach with specific factual questions about the study design and general judgements on the degree of bias and was identified by Deeks et al (2003) as one of the 'best' tools for the quality appraisal of nonrandomised studies. A data extraction tool was developed, piloted and refined to ensure that all relevant results were identified. Disagreement in the quality appraisal and data extraction process was resolved by discussion between at least two reviewers, with the involvement of a third where necessary (WM or FA).
Synthesis of results
The heterogeneity in AAC strategies, patient outcome measures and a lack of RCTs meant that the planned meta-analysis was inappropriate. Accordingly results were narratively synthesised.
RESULTS
Study selection and characteristics of included studies Figure 1 provides a flow chart of the search which identified 2143 articles. Twelve studies fulfilled the inclusion criteria with a total of 1981 patient participants and 454 health care professional participants. All studies were conducted in critical care settings, the majority in America, with participants intubated for a range of conditions. Studies used either high or low technology AAC strategies with two studies using both. Table 3 details the AAC interventions with high-technology computer-aided AAC strategies (Happ et al, 2004b; Happ et al, 2005; Happ et al, 2014; Maringelli et al, 2013; Miglietta et al, 2004; Nilsen et al, 2014; Rodriguez & Rowe, 2010; Rodriguez et al, 2012; Rodriguez et al, 2016 ) used more frequently than low-technology AAC strategies such as communication boards (El-Soussi et al, 2014; Happ et al, 2014; Happ et al, 2015; Nilsen et al, 2014; Otuzoglu & Karahan, 2014) . The effectiveness of the intervention was assessed using the following outcome measure: patient satisfaction (El-Soussi et al, 2014; Otuzoglu & Karahan 2014; Rodriguez et al, 2016) , ease or difficulties in communication (Happ et al, 2004b; Happ et al, 2005; Happ et al, 2014; Maringelli et al, 2013; Otuzoglu & Karahan, 2014; Rodriguez & Rowe, 2010 , Rodriguez et al, 2016 , communication success or effectiveness (Happ et al, 2014; Happ et al, 2016) , initiation of communication (Happ et al, 2005) , staff satisfaction (Maringelli et al, 2013; Miglietta et al, 2004) , patient agitation and anxiety (Happ et al, 2016) and barriers to use (Happ et al, 2004b; Happ et al, 2014; Rodriguez et al, 2010; Rodriguez & Rowe, 2012) . A variety of study designs were used which included some described as randomised controlled trials (RCT) (El-Soussi et al, 2014) , randomised cluster trials (Happ et al, 2015) , quasi-experimental (Happ et al, 2014; Otuzoglu & Karahan, 2014 , Rodriguez et al, 2016 , correlational (Nilsen et al, 2014) , time-series (Rodriguez & Rowe, 2010) to pilot/feasibility studies (Happ et al, 2004b; Happ et al, 2005; Maringelli et al, 2013; Miglietta et al, 2004; Rodriguez et al, 2012) . The studies described as randomised trials (El-Soussi et al, 2014; Happ et al, 2016) were treated as controlled or cohort analytic trials as the reported randomisation process was unclear.
Quality appraisal
Following a systematic quality appraisal ten studies were rated as weak and two as moderate (inter-rater reliability k=0.75). This may reflect the study design, rather than the quality of included studies. In most cases the design was not an RCTs which reduced appraisal scores. More recent trials (Happ et al, 2015; Rodriguez et al, 2016) were rated as moderate as they addressed this challenge by taking control data from before the intervention was introduced. The likelihood of selection bias was moderate in the trials included in the study. Blinding of outcome assessors and participants was not possible and studies did not control for confounders. Most studies were conducted in a single centre and used researcher-generated outcome measures that were not tested for validity and reliability. Withdrawal and drop-out rates ranged between 0 and 54%, or the reporting was unclear.
Synthesis of results
The included studies used a variety of AAC strategies but a meta-analysis to compare data across studies was not appropriate due to the heterogeneity of study designs and outcomes measures. The AAC strategies that were used were reported to reduce difficulty in communication (Happ et al, 2004b; Happ et al, 2005; Happ et al, 2014; Maringelli et al, 2013; Otuzoglu & Karahan, 2014) , improve patient satisfaction in communication (El-Soussi et al, 2014; Miglietta et al, 2004; Rodriguez & Rowe, 2010; Rodriguez et al, 2012; Rodriguez et al, 2016) , reduce patient frustration in communication (Rodriguez et al, 2016) , increase communication interactions (Happ et al, 2014) and increase positive nurse behaviours such as smiling or giving preparatory information before a procedure (Nilsen et al, 2014) .
The effects of low technology AAC
Five studies used low technology AAC strategies for at least one of the intervention groups (El-Soussi et al, 2014; Happ et al, 2014; Happ et al, 2016; Nilsen et al, 2014; Otuzoglu & Karahan, 2014) . Comparison between the two different types of AAC strategies was not attempted in Nilsen et al (2014) and although the count of different AAC strategies was positively correlated with positive nurse behaviours (F = 9.93, p = 0.002), the results cannot be included in any comparison. Happ et al (2014) measured ease of communication using a Likert scale from "not difficult at all" to "extremely difficult" at the end of observed session throughout the same three phase study. Lower proportions of patients reported communication difficulties after receiving AAC strategies and the calculated risk ratio of 0.80 represents small effect, although this was non-significant for both phases (F=7.67, p<0.01).
One unit in this multi-centre study observed a significant increase in the communication interactions when using low technology AAC strategies (t=4.17, p<0.001).
El-Soussi et al (2014) measured patient satisfaction using the Patient Satisfaction
Questionnaire (PSQ) with response scores categorised as "Very dissatisfied" (20-44 points on the PSQ scale); "Dissatisfied" (43-59 points on the PSQ scale); "Satisfied" (60-79 points on the PSQ scale) or "Very satisfied" (80-100 points on the PSQ scale). Patient satisfaction was considered to be represented by a response in the "Satisfied" or "Very satisfied" categories;
i.e. by a PSQ score of 60 or above. Otuzoglu and Karahan (2014) measured patient satisfaction using a single dichotomous item, in which patients were requested to report whether or not they were satisfied that appropriate methods had been used by medical staff to communicate with them. Both studies found that patients receiving an AAC strategy had higher proportions of reported satisfaction levels with communication in intervention groups. Medium to large effects were noted in these studies with risk ratios of 2.50 from ElSoussi et al (2014) and 2.11 from Otuzoglu & Karahan (2014). Happ et al (2015) examined the effect of enhanced communication versus usual care on several patient outcomes including documented pain levels (-0.11, p=0.97), ICU-acquired pressure ulcers (-0.11, p=0.78) , physical restraint use (-2.44, p=0.44) and heavy sedation use (1.08, p=0.73) as indicators of effectiveness and anxiety. There was no statistical significant difference reported across the two groups.
The effects of high technology AAC
Nine studies used high technology AAC strategies for at least one of the intervention groups (Happ et al, 2004b; Happ et al, 2005; Happ et al, 2014; Maringelli et al, 2013; Miglietta et al, 2004; Nilsen et al, 2014; Rodriguez & Rowe, 2010; Rodriguez et al 2012; Rodriguez et al, 2016) . As discussed previously, Nilsen et al (2014) and Happ et al (2014) patients who had received high technology AAC strategies. Study-specific standardised mean differences were significant at t>2.62 (p=0.047) in the case of Happ et al (2004b) . In Maringelli (2013) significant improvements in communication were noted in the following areas; expressing fundamental needs (z= -3.48, p˂0.001), expressing needs and desires (z= -3.54, p˂0.001), answering questions from hospital staff (z= -3.46, p˂0.001) and communication/interaction with family (z= -3.51, p˂0.001). Mean differences were only slightly lower in the intervention group (X=19.8, SD 9.7 compared to X=22.5, SD 11.3) in Happ et al (2005) .
Rodriguez et al (2016) 
Barriers to AAC use in critical care
Barriers to AAC usage were identified in four studies (Happ et al, 2004b; Happ et al, 2005; Rodriguez & Rowe, 2010; Rodriguez et al, 2012) . Poor positioning of the device outside patient reach was noted in all studies, with three studies reporting problems of the device being moved following care (Happ et al, 2004b; Rodriguez & Rowe, 2010; Rodriguez et al 2012) . Other issues reported included problems due to the medical condition of the participant (Happ et al, 2004b; Rodriguez & Rowe, 2010; Rodriguez et al, 2012) , the device not functioning as designed (Happ et al, 2004b; Happ et al, 2005; Rodriguez et al, 2012) , communication taking too long to meet needs (Rodriguez & Rowe, 2010) , device bulkiness or complexity (Happ et al, 2004b; Rodriguez & Rowe, 2010) , and staff time constraints or unfamiliarity with equipment (Happ et al, 2004b; Happ et al, 2005) .
The education and skills training required to use AAC interventions during the trials was considered as this could be a perceived barrier to use. Three studies did not describe any education or training provision for staff and patients (El-Soussi et al, 2014; Miglietta et al, 2004; Rodriguez et al, 2016) . Other studies reported that training took place pre-operatively if speechlessness and/or ITU care were expected post-operatively (Otuzoglu & Karahan 2014) but the duration of training was omitted. The duration of education and skills training described in other studies was 10-60 minutes (Happ et al, 2004b; Happ et al, 2005; Maringelli et al, 2013; Rodriguez & Rowe, 2010; Rodriguez et al, 2012) . The types of training was varied including provision of written instructions (Happ et al, 2005) , face to face training (Happ et al, 2004b; Happ et al, 2015; Maringelli et al, 2013) , or overviews of the usability of the device (Rodriguez & Rowe, 2010; Rodriguez et al, 2012 ).
DISCUSSION
The current evidence is rather limited by the variability in study design, a lack of trial evidence and the use of researcher-generated outcome measures with unknown psychometric properties. The lack of RCTs meant that the planned meta-analysis to assess the most effective AAC strategy was not feasible. However although findings were somewhat inconsistent there does appear to be preliminary evidence that both low and high technology AAC strategies significantly increase the number of communication As with most reviews there are limitations which should be mentioned. We limited our search to articles published in English, published after 2004, so it is possible that potentially relevant studies using older but relevant AAC strategies may have been omitted. The majority of included studies were conducted in America which highlights the lack of European studies and may affect the generalisablity of findings to other countries. 
Study Design
• Randomised controlled trials (RCT) including randomised crossover and cluster randomised trials.
• Quasi-experimental and observational trials (included due to a low number of RCTs in this area).
Study Participants
• Adults (above 18 years old) rendered temporarily voiceless due to medical intervention; including, but not restricted to, tracheostomy, laryngectomy, head and neck surgery, and endotracheal intubation. Studies with paediatric populations or adult populations with pre-existing cognitive impairments, traumatic neurological deficit (e.g. CVA), progressive neurological disease or learning difficulties were excluded, as the pre-existing knowledge, judgement and skills would be different for these populations. Studies using mixed populations were included if it was possible to separate the data between included and excluded populations.
Types of Intervention
• Any AAC strategy, technology or tool used to allow communication by the voiceless person defined as ; • AAC strategy: a method of using aids, symbols and/or techniques to facilitate communication; • AAC tool: a device employed to facilitate communication;
• AAC technology: a machine or computer used to facilitate communication.
Outcome Measures
• Any outcome quantitatively measuring the quality (i.e. communication success, ease of use), and frequency of communication between a voiceless person and their family members and/or health professional.
• Outcomes measuring the impact of communication were also considered, including but not restricted to, psychological status (e.g. anxiety, depression, frustration), and satisfaction with care.
• Outcomes measurements up to 12 months after the implementation of any AAC intervention were included. Excluded studies (n=1827)
• Excluded date of publication (n=450)
Studies obtained for full paper review (n=28)
Excluded studies (n=16)
Studies included in analysis (n=12) 
